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ABSTRACT
Background The Global Burden of Diseases (GBD),
Injuries, and Risk Factors study used the disability-
adjusted life year (DALY) to quantify the burden of
diseases, injuries, and risk factors. This paper provides an
overview of injury estimates from the 2013 update
of GBD, with detailed information on incidence, mortality,
DALYs and rates of change from 1990 to 2013 for 26
causes of injury, globally, by region and by country.
Methods Injury mortality was estimated using the
extensive GBD mortality database, corrections for ill-
defined cause of death and the cause of death ensemble
modelling tool. Morbidity estimation was based on
inpatient and outpatient data sets, 26 cause-of-injury and
47 nature-of-injury categories, and seven follow-up studies
with patient-reported long-term outcome measures.
Results In 2013, 973 million (uncertainty interval (UI)
942 to 993) people sustained injuries that warranted some
type of healthcare and 4.8 million (UI 4.5 to 5.1) people
died from injuries. Between 1990 and 2013 the global
age-standardised injury DALY rate decreased by 31% (UI
26% to 35%). The rate of decline in DALY rates was
significant for 22 cause-of-injury categories, including all
the major injuries.
Conclusions Injuries continue to be an important cause
of morbidity and mortality in the developed and developing
world. The decline in rates for almost all injuries is so
prominent that it warrants a general statement that the
world is becoming a safer place to live in. However, the
patterns vary widely by cause, age, sex, region and time
and there are still large improvements that need to be
made.
INTRODUCTION
Since the late 1940s the use of epidemiological ana-
lyses to assess the gains of prevention of injury has
been advocated, reflecting the changing view of
injuries as preventable events.1 These epidemio-
logical analyses entail the use of data to quantify
the injury problem and assess causative factors to
guide the development of preventive measures and
to enable periodic evaluation of the effectiveness of
instituted prevention programmes.1 For many
decades, injury epidemiologists have largely relied
on mortality data.2 However, since the launch of
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the disability-adjusted life year (DALY) in 1993, the burden of
disease concept has become more widely adopted by countries
and health development agencies.3 The DALY measures the
burden of disease; it aggregates the total health loss at the popu-
lation level into a single index by summarising premature mor-
tality in years of life lost (YLLs), and non-fatal health outcomes
in years lived with disability (YLDs).4 Thus, the DALY provides
a more comprehensive measure of the relative magnitude of dif-
ferent health problems for health planning purposes.5 6 This
information serves as a crucial input to facilitate policy decision-
making on prevention and control through allowing compari-
sons of the health impact of different diseases and injuries and
related risk factors over time and between countries.
In the first Global Burden of Disease and Injury (GBD) study,
commissioned by the World Bank in the early 1990s, the DALY
was used to describe the burden of disease of 98 diseases, 9
injuries and 10 health risk factors for eight world regions.7 This
study, and subsequent updates by WHO, showed that injury was
a substantial cause of morbidity and mortality in the developed
and developing world.7–10 A new GBD study, the GBD 2010,
commenced in 2007. This study used enhanced methodology
and interactive visualisation tools to provide regional and global
estimates for 263 diseases, 28 causes of injury, 67 risk factors,
20 age groups, both sexes and 187 countries in 21 world regions
from 1990 to 2010.11 Apart from the expansion of cause list,
risk factor list and regional detail, a notable methodological
change was the change from incidence-based to prevalence-
based YLDs.12 The key results of the GBD 2010 study were pub-
lished in 2012, including injury results.11–14 However, a detailed
description of the GBD injury methods and results has not yet
been published. To provide policy-makers, researchers and other
decision-makers with the most current estimates of population
health, the GBD estimates are being updated annually starting
with the year 2013 (GBD 2013). At every update the whole time
series from 1990 onwards is estimated again in order to main-
tain internal consistency and comparability after the addition of
new data and revision of some parts of the methods.
The aim of this study is to provide an overview of the
methods, and results of injury mortality, incidence and DALYs
from the GBD 2013 study, with detailed information on the
range of causes of injuries globally and by country including
trends in their occurrence.
METHODS
Disability-adjusted life years
The DALY is calculated by adding YLLs and YLDs. YLLs are cal-
culated by multiplying deaths by the remaining life expectancy
at the age of death from a standard life table chosen as the
norm for estimating premature mortality in GBD. YLDs are cal-
culated by multiplying the number of prevalent cases with a
certain health outcome by the disability weight assigned to this
health outcome. A disability weight reflects the magnitude of
the health loss associated with an outcome and it has a value
that is anchored between 0, equivalent to full health, and 1,
equivalent to death.
GBD injury codes and categories
The International Classification of Diseases (ICD) was used to
classify injuries because it is the standard diagnostic tool for epi-
demiology. In the GBD study injury incidence and death are
defined as in ICD-9 codes E000-E999 and ICD-10 chapters V
to Y. Chapters S and T in ICD-10 and codes 800–999 in ICD-9
are used for estimation of injury morbidity. There is one
exception: deaths and cases of alcohol poisoning and drug over-
doses are classified under drug and alcohol use disorders.
For GBD 2013, injury was categorised into 26 mutually exclu-
sive and collectively exhaustive external cause-of-injury categor-
ies. For our morbidity analysis, each cause-of-injury category was
further divided among 47 mutually exclusive nature-of-injury
categories (see online supplementary annex tables 1.1 and 1.2).
Some injuries are trivial and unlikely to account for an important
number of DALYs (eg, small bruises, scratches); these injuries
were excluded from this study by restricting our morbidity ana-
lysis to cases warranting some form of healthcare in a system
with full access to healthcare. We have included cases with injur-
ies that did not receive care in areas with restricted access to
healthcare, but that would have warranted some type of health-
care in a system with full access to healthcare.
Mortality
Online supplementary annex table 2.1 summarises the number
of site-years of death from vital registration, verbal autopsy,
mortality surveillance, censuses, surveys, hospitals, police
records and mortuaries by the 21 GBD world regions. A site-
year is defined as a country, state or other subnational geograph-
ical unit contributing cause of deaths data in a given year. The
overall approach to estimate causes of death has been described
elsewhere.13 15 Briefly, the first step is the mapping of all data
sources into the GBD cause list of diseases and injuries. Second,
adjustments are made for ill-defined cause of death or garbage
codes. Third, ensemble models with varying choice of covariates
and mathematical models are run using the GBD cause of death
ensemble modelling (CODEm) software to derive estimates by
age, sex, country, year and cause. Police and crime reports are
data sources uniquely used for the estimation of deaths from
road injury, self-harm and interpersonal violence. The police
data were collected from published studies, national agencies
and institutional surveys such as the United Nations Crime
Trends Survey and the WHO Global Status Report on Road
Safety Survey. For countries with vital registration data we did
not use police records, except if the recorded number of road
injury and interpersonal violence deaths from police records
exceeds that in the vital registration.
In countries for which we did not have vital registration data
hospital and burial/mortuary data were used to assess patterns
and proportions of deaths from each injury cause of death by
year, age, sex and country (ie, cause fractions). In these cases,
the proportion of injury deaths due to specific causes were
transformed into proportions of all causes by multiplying by the
proportions of all deaths due to injuries estimated in CODEm.
Online supplementary annex section 3 describes the preparation
of cause of death data, the redistribution of garbage codes, the
modelling process and covariates, and the separate analyses of mor-
tality from armed conflicts and natural disasters in more detail.
Years of life lost
We calculated YLLs by multiplying deaths by the residual
expected individual life span at the age of death as derived from
the GBD 2013 standard model life table.13
Morbidity
Estimating the non-fatal health consequences of injuries is
complex as it needs to take into account short-term and long-
term disability for a large range of nature-of-injury categories
that can arise from each cause of injury. Figure 1 shows the flow
diagram of this process. Our strategy was to first apply
DisMod-MR 2.0 (a descriptive epidemiological meta-regression
4 Haagsma JA, et al. Inj Prev 2016;22:3–18. doi:10.1136/injuryprev-2015-041616
Original article
group.bmj.com on June 27, 2016 - Published by http://injuryprevention.bmj.com/Downloaded from 
tool that uses an integrative systems modelling approach to
produce simultaneous estimates of incidence, prevalence, remis-
sion and mortality) to injury incidence data from emergency
department (ED) and hospital records and survey data to
produce cause-of-injury incidence by country, year, age and sex.
We estimated incidence of injury warranting inpatient admission
(‘inpatient care’) and incidence of injury warranting other types
of care (‘outpatient care’) for all cause-of-injury categories.16
Injuries warranting inpatient care refer to injury cases of suffi-
cient severity to require inpatient care if there are no restrictions
in access to healthcare. Outpatient care refers to injury cases of
sufficient severity to require healthcare attention but not hospi-
talisation. This category includes ED visits. Second, we imposed
a hierarchy to select the nature-of-injury category that leads to
the largest burden when an individual experiences multiple
injuries. Third, using hospital and ED data we created two dif-
ferent matrices to estimate the proportions of incident cases in
each of the 26 cause-of-injury categories that resulted in each of
47 nature-of-injury categories. One cause-nature-of-injury
matrix was for inpatient injuries, the other for outpatient injur-
ies. Applying these matrices to our cause-of-injury incidence
from step 1, we produced incidence of inpatient and outpatient
injuries by cause and nature of injury. Fourth, we estimated
short-term disability by nature-of-injury category for all incident
cases of inpatient and outpatient injuries. We estimated the
average duration for each nature of injury category and derived
short-term prevalence by multiplication of incidence and dur-
ation. Fifth, we estimated the proportion of cases that result in
permanent disability for each nature-of-injury category. We then
applied DisMod-MR 2.0 to estimate the long-term prevalence
for each combination of cause-of-injury and nature-of-injury
from incidence and the long-term mortality risk in cases with
long-term disability. After correction for comorbidity with other
non-fatal diseases, YLDs were calculated as prevalence times a
disability weight.
Online supplementary annex section 4 describes the data
sources and our strategy to assess the non-fatal burden of
disease in more detail.
Uncertainty
Burden of disease estimates have varying degrees of uncertainty
arising from input data, the data adjustments and the statistical
Figure 1 Flowchart of Global Burden of Disease Injury years lived with disability (YLD) estimation.
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models. We have propagated uncertainty from all these sources
using standard GBD methods of repeating all calculations 1000
times, each time drawing from distributions rather than point
estimates for all the relevant parameters in our models.12 For
the injury mortality estimates the estimation of model uncer-
tainty is inherent to the ensemble modelling method.13
All rates of deaths and DALYs we present are age-standardised
using the revised GBD 2013 standard population.15
RESULTS
Incidence, mortality and burden of disease of injuries
in 2013
In 2013, we estimated that 973 million (uncertainty interval
(UI) 942 to 993) people sustained injuries that warranted some
type of healthcare and 4.8 million (UI 4.5 to 5.1) people died
from injuries. Major causes of injury death were road injury
(29.1%), self-harm (17.6%), falls (11.6%) and interpersonal vio-
lence (8.5%). Of the people who sustained injuries that war-
ranted some type of healthcare, 5.8% (56.2 million; UI 55.6 to
57.3) warranted inpatient care, of whom 38.5% (21.7 million;
UI 21.3 to 22.0) sustained fractures (see online supplementary
annex table 5.1). Of the patients who warranted outpatient care
75.2% sustained minor injuries (689 million; UI 672.0 to
712.8).
Table 1 shows the global incidence and deaths by cause of
injury.
Injuries accounted for 10.1% (UI 9.5 to 10.8) of the global
burden of disease in 2013. YLLs were responsible for 85.2%
(UI 81.2 to 88.7) of injury DALYs. The proportion of DALYs
due to disability (YLD) is much higher for collective violence
(69.1%; UI 54.3 to 81.8), falls (46.4%; UI 38.3 to 54.1) and
forces of nature (43.0%; UI 26.0 to 56.7). The main contribu-
tors to injury DALYs are road injuries (29.3%; UI 26.4 to 32.2),
self-harm (14.0%; UI 11.8 to 16.2), falls (12.0%; UI 9.8 to
14.1), drowning (8.7%; UI 6.3 to 11.2) and interpersonal vio-
lence (8.4%; UI 6.5 to 10.4).
Table 2 shows the global YLLs, YLDs and DALYs by cause of
injury.
Table 3 shows the global age-standardised YLL, YLD and
DALY rates by cause of injury. DALY rate refers to the number
of DALYs per 100 000 population.
The contribution of cause-of-injury category DALY rates to
the total injury DALY rates differ by year, age category, sex and
region. Figures 2–5 show the DALY rates by cause-of-injury, for
men and women, and by GBD world regions in 2013 separately
for age categories 0–14 years, 15–49 years, 50–79 years and
80+ years, respectively. In all regions injury rates are much
higher in men than in women with the exception of the 80 years
and older age group where the sex differential largely disappears.
In boys under the age of 15 years, DALY rates per 100 000 vary
from a low of 468.4 (UI 427.7 to 509.7) in western Europe to a
high of 6471.4 (UI 4197.1 to 8680.9) in central sub-Saharan
Africa. In girls under the age of 15 years DALY rates vary from a
low of 307.4 (UI 277.9 to 336.8) in western Europe to a high of
4788.1 (UI 3260.4 to 6354.7) in central sub-Saharan Africa.
Road injuries are an important driver of DALY injury rates in
children across the globe but with a large variation in the rates.
The DALY rate for road injuries is 9.7 times higher in boys
and 9.1 times higher in girls in central sub-Saharan Africa
compared with high-income Asia Pacific. Drowning shows large
variations with highest rates in sub-Saharan African and Asian
regions. Even in children, the high rates of homicide in Latin
America and, particularly, in tropical and central Latin America
stand out.
In younger adults aged 15 years to 49 years, DALY rates in
men vary from a low of 2651 per 100 000 population (UI 2427
to 2904) in western Europe to a high of 10 780 (UI 10 157 to
11 390) in eastern Europe. In women, rates range from a low of
798 (UI 712 to 907) in Australasia to a high of 3268 (UI 2608
to 3985) in South Asia. This is the peak age category for
road injuries in all regions but with an eightfold difference
in rates between high-income Asia Pacific and western
sub-Saharan Africa. Rates in high-income North America are
around 70% higher than in western Europe, Australasia and
high-income Asia Pacific with generally higher rates for most
injuries, but particularly so for interpersonal violence. High
rates in Latin America and sub-Saharan Africa are driven by
road injuries and interpersonal violence. Eastern Europe and
Central Asia have particularly high rates of drowning and
self-harm (figure 3). The high rate of fire injuries in South Asian
women stands out.
Patterns of injury DALY rates in the age group 50–79 years
follow similar patterns as those in the younger adult age group
but the differences between regions and between men and
women are less pronounced: DALY rates in high income regions
are higher and those in other regions are lower. The lowest
DALY rates per 100 000 for men (2873; UI 2668 to 3070) and
women (1574.2; UI 1429 to 1720) are seen in Australasia while
South Asia has the highest rates in men (7525; UI 6880 to
8172) and in women (4798; UI 4421 to 5173). Falls become a
more prominent cause of DALYs in this age group and self-harm
becomes a greater cause than violence in most regions. Fire
injuries and drowning are sizeable causes in sub-Saharan Africa,
eastern Europe and South Asia.
Falls are the dominant cause of injury DALY rates in the
elderly. An ageing cohort of people with long-term disabilities
from past wars and disasters is quite prominent in Andean Latin
America, South-East Asia, North Africa and the Middle East
and sub-Saharan African regions. At older ages the share of road
injuries in pedestrians increases.
With regards to YLDs, the disability component of the DALY,
in 2013, nature-of-injury categories fracture of patella, tibia,
fibula or ankle (26.6%; UI 26.0 to 27.1) and multiple significant
injuries (11.1%; UI 10.8 to 11.4) contributed most to the global
YLDs of injuries. The relative contribution of nature-of-injury
YLDs to cause-of-injury YLDs differs for each cause of injury. For
some cause-of-injury categories one or two nature-of-injury
categories are responsible for the majority of YLDs (eg, fire, heat
and hot substances, and burns), whereas for others a variety of
nature-of-injury categories contribute to the cause-of-injury
categories. The distribution of nature-of-injury YLDs by
cause-of-injury category also differs by sex, age category, injuries
warranting inpatient versus outpatient care and high/low income
countries.
Changes between 1990 and 2013—all injury
Between 1990 and 2013 injury DALY rates have declined by
30.9%, an annualised rate of decline of 1.6% (table 3). For
communicable, maternal, neonatal and nutritional disorders and
non-communicable disease DALY rates declined by 42.2% (UI
−45.0 to −40) and 14.5% (UI −17.3 and −11.6), respectively.
Rates of change for injury DALY rates vary widely across
regions ranging from a decrease of 54.8% (UI −64.2 to −44.1)
in Andean Latin America to an increase of 6.4% in Oceania (UI
−24.1 to 48.3) (figure 6). All but four regions showed a signifi-
cant decline with Oceania, and West, central and southern
sub-Saharan Africa the exceptions. Among high-income regions,
western Europe and Australasia showed the largest declines. East
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Asia, North Africa and the Middle East, Central Europe and
Southeast Asia ranked second to fifth in terms of largest
decrease in injury DALY rates.
Table 4 shows the per cent change in incidence, YLL and
YLD rates by cause of injury. The patterns of change in injury
DALY rates were similar between men and women. Over the
period 1990–2013 the rate of YLDs from injuries decreased by
−37.0% (UI −30.0 to −45.4) while YLLs due to injuries
decreased only by −29.6% (UI −24.1 to −33.6). The rate of
incidence of all injuries declined at a slower pace of −19.5% (UI
−14.7 to −23.9) over the same period.
The change in incidence rates for all causes of injury has been
smaller than the change in YLD or YLL rates. For transport
injuries and intentional injuries the change in YLD rates has
been greater than the change in YLL rates but the opposite is
the case for unintentional non-transport injuries.
Table 1 Global incidence and deaths by cause of injury with 95% UI, 2013
Incidence outpatient injuries* Incidence inpatient injuries*
Cause of injury (Millions) Rate per 100 000 (Millions) Rate per 100 000 Deaths (thousands) Death rate
Transport injuries 102 (100–105) 1176 (1152–1209) 12.3 (12.1–12.7) 142 (139–146) 1483 (1365–1589) 20.7 (19.1–22.2)
Road injuries 86 (84–88) 990 (968–1017) 11.0 (10.8–11.3) 128 (125–131) 1396 (1286–1493) 20.7 (19.1–22.2)
Other transport injuries 17 (16–18) 186 (178–198) 1.3 (1.3–1.4) 15 (14–16) 87 (72–97) 1.2 (1.0–1.4)
Unintentional injuries (not transport injuries) 758 (741–780) 8377 (8183–8612) 39.9 (39.4–40.2) 435 (431–439) 2007 (1857–2183) 28.0 (25.9–30.5)
Falls 134 (131–137) 1435 (1409–1455) 20.5 (20.1–20.9) 220 (217–223) 556 (449–611) 7.8 (6.3–8.5)
Drowning 0.9 (0.8–1.0) 10 (9–12) 0.8 (0.8–0.8) 9 (9–9) 368 (311–515) 5.1 (4.3–7.2)
Fire, heat and hot substances 31 (9–32) 337 (320–355) 2.9 (2.8–3.1) 32 (31–34) 238 (199–283) 3.3 (2.8–4.0)
Poisonings 2.8 (2.7–2.8) 31 (30–32) 0.5 (0.5–0.5) 6 (5–6) 98 (70–111) 1.4 (1.0–1.5)
Exposure to mechanical forces 383 (365–402) 4185 (3997–4404) 4.1 (4.0–4.1) 45 (44–45) 197 (178–245) 2.8 (2.5–3.4)
Adverse effects of medical treatment 13 (13–13) 140 (137–141) 7.3 (7.3–7.4) 81 (80–82) 142 (108–166) 2.0 (1.5–2.3)
Animal contact 62 (60–64) 709 (687–730) 1.5 (1.4–1.5) 17 (16–17) 80 (62–139) 1.1 (0.9–1.9)
Foreign body 39 (38–40) 467 (460–473) 1.0 (1.0–1.0) 12 (12–12) 166 (115–219) 2.3 (1.6–3.1)
Other unintentional injuries 94 (92–95) 1062 (1046–1080) 1.2 (1.2–1.3) 14 (14–14) 163 (144–180) 2.3 (2.0–2.5)
Intentional injury 30 (29–31) 336 (329–343) 3.0 (3.0–3.1) 34 (33–34) 1247 (1067–1391) 17.4 (14.9–19.4)
Self-harm 1.7 (1.7–1.8) 19 (19–19) 1.5 (1.5–1.5) 17 (17–17) 842 (718–939) 11.8 (10.0–13.1)
Interpersonal violence 28 (28–29) 317 (310–324) 1.5 (1.5–1.5) 17 (17–17) 405 (299–497) 5.7 (4.2–6.9)
War and disaster 26 (15–56) 383 (224–922) 1.0 (0.6–1.9) 17 (10–29) 50 (34–89) 0.7 (0.2–1.2)
Exposure to forces of nature 5.4 (3.5–11.5) 76 (43–149) 0.3 (0.2–0.5) 4 (2–6) 19 (14–32) 0.3 (0.2–0.4)
Collective violence and legal intervention 21 (12–47) 307 (179–672) 0.8 (0.4–1.5) 13 (8–22) 31 (20–57) 0.4 (0.3–0.8)
Total 916 (895–951) 8257 (8025–8645) 56.2 (55.6–57.3) 461 (453–473) 4787 (4508–5073) 66.9 (63.0–70.9)
*Inpatient injuries refer to injuries warranting hospital admission and outpatient injuries refer to injuries warranting some other type of care.
UI, uncertainty interval.
Table 2 Global YLLs, YLDs and DALYs, 2013 and per cent change in DALYs 1990–2013 with 95% UI, by cause of injury
Cause of injury YLLs (in millions) YLDs (in millions) DALYs (in millions) Percent change DALYs, 1990–2013
Transport injuries 68.8 (63.2–73.7) 10.2 (7.5–13.4) 79.0 (72.1–85.1) 11.3 (1.2 to 18.7)
Road injuries 64.7 (59.3–69.2) 8.6 (6.3–11.3) 73.3 (66.9–78.7) 13.6 (2.7 to 21.2)
Other transport injuries 4.1 (3.4–4.6) 1.6 (1.2–2.1) 5.7 (4.9–6.4) −11.5 (−21.0 to −0.4)
Unintentional injuries (not transport injury) 84.3 (77.7–94.5) 21.6 (16.0–28.7) 105.9 (97.0–117.3) −21.7 (−28.1 to −8.6)
Falls 14.7 (12.2–16.4) 12.8 (9.4–17.0) 27.5 (23.4–31.9) 21.1 (0.9 to 34.4)
Drowning 21.2 (17.8–29.5) 0.4 (0.3–0.5) 21.6 (18.2–29.8) −45.1 (−53.6 to 3.2)
Fire, heat and hot substances 11.1 (9.4–13.5) 1.2 (0.9–1.6) 12.3 (10.5–14.7) −33.0 (−43.7 to −14.3)
Poisonings 4.5 (3.1–5.1) 0.07 (0.06–0.08) 4.5 (3.2–5.2) −28.8 (−56.2 to −17.8)
Exposure to mechanical forces 10.3 (9.1–13.4) 3.8 (2.7–5.0) 14.0 (12.4–17.2) −25.9 (−40.5 to 6.7)
Adverse effects of medical treatment 5.2 (3.9–6.4) 0.2 (0.1–0.3) 5.4 (4.1–6.6) 18.8 (−5.7 to 44.3)
Animal contact 3.9 (3.0–6.5) 0.4 (0.3–0.5) 4.3 (3.4–6.9) −30.5 (−42.7 to 11.3)
Foreign body 6.7 (4.7–9.1) 0.3 (0.2–0.3) 7.0 (5.0–9.4) −20.8 (−38.4 to 18.4)
Other unintentional injuries 6.7 (6.1–7.4) 2.6 (1.9–3.4) 9.3 (8.4–10.3) −5.0 (−14.7 to 16.5)
Intentional injuries 55.5 (47.6–62.2) 1.1 (0.8–1.4) 56.6 (48.7–63.3) 9.6 (−0.2 to 19.9)
Self-harm 34.9 (29.0–39.2) 0.2 (0.2–0.3) 35.2 (29.2–39.5) 9.3 (−3.2 to 23.9)
Interpersonal violence 20.6 (15.2–24.9) 0.8 (0.6–1.1) 21.4 (16.0–25.7) 9.4 (2.3 to 20.4)
War and disaster 2.2 (1.5–3.8) 3.9 (1.9–7.8) 6.1 (3.5–11.1) −55.8 (−60.2 to −48.6)
Exposure to forces of nature 0.7 (0.5–1.6) 0.6 (0.3–1.1) 1.3 (0.8–2.5) −43.6 (−52.8 to −12.7)
Collective violence and legal intervention 1.4 (1.0–2.5) 3.4 (1.5–6.8) 4.8 (2.6–8.7) −58.3 (−62.3 to −52.9)
Total 210.8 (198.2–224.0) 36.8 (26.9–48.7) 247.6 (231.3–265.1) −8.4 (−13.6 to −1.6)
A positive change indicates an increase over time; a negative percentage indicates a decrease over time. Figures in bold indicate significant change in DALYs between 1990 and 2013.
DALYs, disability-adjusted life years; UI, uncertainty interval; YLD, years lived with disability; YLL, years of life lost.
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Changes between 1990 and 2013 in DALY rates for
unintentional injuries
The decline in injury DALY rates was significant for all uninten-
tional injuries, with the exception of the smaller categories of unin-
tentional suffocation, adverse effects of medical treatment,
non-venomous animal contact and foreign body in other body part.
Road injury
Figure 7 shows the per cent change in road injury DALY rates.
Over the period 1990 to 2013 global road injury DALY rates
decreased by 15.7% (UI −23.2 to −10.4). Decreases were
mainly apparent in high-income Asia Pacific (−66.9%; UI −69.8
to −63.9), followed by western Europe (−61.1%; UI −63.1 to
−58.9), Australasia (−57.0%; UI −60.1 to −53.8) central
Europe (−50.6%; UI −55.8 to −47.1) and eastern Europe
(−38.3%, UI −42.9 to 33.5).
The decline in rates in Oceania (−16.9%; UI −41.4 to 22.1),
East Asia (−14.1%; UI −33.9 to 2.7) and central sub-Saharan
Africa (−9.9%; UI −22.5 to 5.5) were not significant. Rates
increased in South Asia (6.5%; UI −11.2 to 26.1) and West
(13.1%; UI −0.5 to 28.6) and South sub-Saharan Africa (35.2%;
UI −14.1 to 60.6) but not significantly. Four-wheeled motor
vehicle injuries significantly increased in South Asia (21.7%; UI
1.8 to 44.6) and sub-Saharan Africa (19.8%; UI 6.6 to 35.0).
Falls, drowning, fire and poisoning
Over the period 1990 to 2013 the burden of disease due to falls
decreased −20.8% (UI −32.6 to −13.5). The decrease was sig-
nificant in 13 out of 21 GBD world regions. The change in
DALY rates due to falls in the other eight regions was not signifi-
cant (figure 8).
Drowning showed a pronounced decline globally by −52.2%
(UI −59.1 to −12.1). The greatest declines in drowning DALY
rates occurred in East Asia (−71.0%; UI −75.2 to −29.4) and
southern sub-Saharan Africa (−62.3%; UI −73.2 to −26.4).
Oceania was the only region recording an increase in drowning
DALY rate, a non-significant change with large uncertainty
(14.9%; UI −38.6 to 72.7). The global decline in DALY rates of
drowning was apparent in all age categories, but largest for age
category 1–4 years (by 64.4%).
Other unintentional causes of injury that showed marked
decreases in DALY rates were fire, heat and hot substances
(−46.8%; UI −54.9 to −33.2) and poisoning (−43.8%; UI
−64.7 to −35.3). Poisonings and fire, heat and hot substances
showed a decrease in burden of injury for most regions, with a
few exceptions. South Asia is the only region which did not see
a decline in poisoning DALY rates (−0.7%; −50.3 to −33.1).
DALY rates from fire injuries declined significantly in 16 out 21
world regions, with central and southern sub-Saharan Africa,
Oceania, eastern Europe and the Caribbean as the exceptions
(figures 9 and 10).
Changes between 1990 and 2013 in DALY rates for intentional
injuries
The decline in DALY rates for interpersonal violence was
−19.1% (UI −24.2% to −11.5%), with significant decreases in
11 of 21 world regions with non-significant changes in the
other regions. However, the increase by around 50% in the
rates of interpersonal violence DALYs in South sub-Saharan
Africa and Oceania are reason for concern even though the
large UI crosses zero (figure 11).
The per cent change of self-harm was −24.3% (UI −32.7 to
−14.5). The largest decline occurred in East Asia (−68.3%; UI
−73.0 to −46.8), while rates in South-East Asia, the Caribbean,
western Europe, and tropical and southern Latin America
dropped by about a third. At the other end of the spectrum
rates increased by more than a quarter in South Asia, high-
Table 3 Global age-standardised YLL, YLD and DALY rates per 100 000 population in 2013 and per cent change DALY rate 1990–2013 with
95% UI, by cause of injury
Cause of injury YLL rate YLD rate DALY rate
Percent change DALY rate
1990–2013
Transport injuries 961 (883–1027) 142 (105–188) 1103 (1008–1189) −17.6 (−24.7 to −12.4)
Road injuries 903 (829–967) 120 (88–158) 1024 (934–1099) −15.7 (−23.2 to −10.4)
Other transport injuries 57 (48–64) 22 (16–30) 80 (69–90) −35.7 (−42.2 to −28.5)
Unintentional injuries (not transport injury) 1178 (1085–1320) 303 (224–401) 1480 (1355–1638) −37.7 (−42.2 to −29.1)
Falls 205 (171–229) 179 (131–238) 384 (327–446) −20.8 (−32.6 to −13.5)
Drowning 297 (249–412) 5 (4–7) 302 (254–416) −52.2 (−59.1 to −12.1)
Fire, heat and hot substances 156 (131–189) 16 (12–22) 172 (147–205) −46.8 (−54.9 to −33.2)
Poisonings 62 (44–71) 1 (0.8–1.5) 63 (45–72) −43.8 (−64.7 to −35.3)
Exposure—mechanical forces 144 (127–188) 53 (38–70) 196 (173–240) −39.9 (−50.2 to −17.4)
Adverse effects of medical treatment 73 (55–89) 3 (2–4) 75 (58–92) −6.1 (−23.3 to 10.9)
Animal contact 54 (42–91) 5.6 (4–7) 60 (48–97) −45.2 (−54.5 to −12.3)
Foreign body 94 (66–127) 4 (3–5) 98 (69–131) −29.8 (−44.8 to −0.5)
Other unintentional injuries 94 (85–104) 36 (27–48) 130 (117–144) −28.9 (−35.5 to −15.2)
Intentional injuries 776 (665–870) 15 (11–19) 791 (680–884) −22.4 (−29.1 to −15.1)
Self-harm 488 (405–548) 3 (2–4) 491 (408–552) −24.3 (−32.7 to −14.5)
Interpersonal violence 288 (213–348) 12 (9–15) 299 (224–359) −19.1 (−24.2 to −11.5)
War and disaster 31 (21–53) 55 (26–109) 85 (49–155) −69.1 (−72.3 to −63.3)
Exposure—forces of nature 11 (7–22) 8 (4–16) 19 (11–35) −58.7 (−65.8 to −36.9)
Collective violence and legal intervention 20 (13–36) 47 (22–95) 67 (36–122) −71.1 (−74.0 to −67.2)
Total 2945 (2769–3129) 514.6 (376–681) 3459 (3231–3704) −30.9 (−34.7 to −26.1)
A positive change indicates an increase over time; a negative percentage indicates a decrease over time. Figures in bold indicate significant change in DALY rates between 1990 and
2013.
DALY, disability-adjusted life year; YLD, years lived with disability; YLL, years of life lost; UI, uncertainity interval.
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income Asia Pacific, North Africa and the Middle East, and
southern sub-Saharan Africa (figure 12).
Collective violence and forces of nature
Due to the sporadic nature of war and forces of nature, a rate of
change between 1990 and 2013 is a less meaningful
statistic. What is of interest is that we estimate a long tail of dis-
ability arising from such events for many decades to come. Past
disaster and war experience at a large scale in countries like
Lebanon, Peru, Cambodia, Vietnam and Rwanda continues for
decades in a slowly aging cohort of people with long-term dis-
ability, for example, from amputations and poorly healed other
injuries.
Online supplementary figures 6.1 to 6.11 in the annex show
maps of change in injury DALY rates by sex for selected
cause-of-injury categories.
DISCUSSION
GBD 2013 provides a systematic quantification of mortality,
incidence and disability over the time period 1990 to 2013,
allowing analyses of time trends and comparison between
regions. Since 1990 age-standardised rates of DALYs due to
injuries have significantly decreased in all major injury categor-
ies. The slower decline in incidence rates compared with YLL
and YLD rates, GBD’s measures of premature mortality and dis-
ability, suggests that the observed changes are driven by multiple
mechanisms. Reduction in incidence would be the effect of mea-
sures preventing the occurrence of injuries (eg, road safety mea-
sures, gun control or safer tools). The greater declines in YLL
and YLD rates could be brought about by injury prevention
measures reducing the severity of the injury sustained (eg, seat
belts and helmets) or by improved access to better quality care
after an injury (eg, trauma systems).
Road injury
Globally, the burden of disease due to road injury has decreased
significantly since 1990, but this decrease is largely in high-
income regions, with the reverse trend occurring in low-income
and middle-income countries. Other studies have argued that
this is because growth in motorisation and traffic density is
Figure 2 Disability-adjusted life year (DALY) rates by cause of injury, sex and region, ages 0–14 years. For the purposes of these plots, all non-
road unintentional injuries have been collapsed to “All Other Unintent” (other transport injury, animal contact categories, foreign body categories,
and adverse effects of medical treatment).
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outpacing infrastructural development and levels of law enforce-
ment,17–20 and that this is particularly the case for major
fast-growing economies such as Brazil, Russia, India, China and
South Africa; countries that have experienced rapid economic
development that led to changes in lifestyle and environment
and subsequently impacted health and mortality.21–23 Our study
shows that these countries have relatively high road injury mor-
tality and DALY rates, but that DALY rates have significantly
decreased in Brazil and Russia over the period 1990–2013 while
rates for South Africa, India and China showed insignificant
changes. Low-income and middle-income regions that had lesser
declines or an increase in traffic injury DALY rates often do not
have comprehensive urban speed limit laws, seat belt laws,
motorcycle helmet and/or drink-drive laws, or poor enforce-
ment if the laws exist.17 24 These laws have shown to substan-
tially reduce road injury mortality, underlining the importance
of implementing these strategies to reduce road traffic injury.25
Intentional injury
Our findings on interpersonal violence tally with findings from
the United Nations Office on Drugs and Crime (UNODC)
Homicide Statistics and WHO which show that the overall
trend in the global homicide rate is decreasing, but that regional
trends are diverse:26 27 in Asia and Europe overall homicide
rates are decreasing but other regions have continuing high
levels of homicide.26 28 UNODC and WHO report that this is
particularly the case for the Americas and in Eastern and
Southern Africa, where homicide levels have remained high, and
in some countries levels increased.29–33 These reported homi-
cide trends correspond to the continuing high levels of DALY
rates from interpersonal violence in parts of Latin America and
sub-Saharan Africa. Important to note is that regional interper-
sonal violence death and burden of disease rates may disguise
large variations in trends between countries and within coun-
tries.26 Others have observed a decline in violence over much
longer periods in history contrary to popular discourse on the
rising threat of violence partly attributed to media exposure of
prominent events of violence.34 35
Self-harm is the second leading cause of death from injury
and it is a main contributor to injury DALYs. Over the period
1950–1995 the global self-harm death rates were reported by
WHO to have increased, although the authors noted that the
figures should be interpreted with caution because the 1950 esti-
mates were based on data from 11 countries.36 37 More recently,
studies found evidence that there was an upturn in suicide rates
during the financial crisis of 2007/2008 set against this overall
Figure 3 Disability-adjusted life year (DALY) rates by cause of injury, sex and region, ages 15–49 years of injury, sex and region.
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decline.38 39 We found a significant decrease of the self-harm
rates between 1990 and 2013 in all European and American
regions (except central Latin America) but do not see a change
in this decline coinciding with the recent economic downturn.
More than half of all self-harm DALYs occur in East and South
Asia. The trends in these regions are in opposite directions,
decreasing significantly and by a great margin in East Asia but
rising, though not significantly, in South Asia between 1990 and
2013. The decline in East Asia was greater in women than in
men while in South Asia self-harm increased more rapidly in
men than in women. Previous studies have reported similar
trends in the most populated countries in these regions, India
and China.40 41 Over the past two decades China and India
have experienced rapid economic growth and urbanisation, and
therefore the opposing trends would need to be explained by
other factors, such as the distribution of increasing wealth, cul-
tural shifts, ease of access to mental health treatment, ease of
access to the main means for self-harm, and other factors.
Furthermore, India, in contrast to China, is just at the start of
industrialisation and urbanisation.
For reasons related to social and religious attitudes, self-harm
may be under-reported or misclassified.36 In the GBD 2013
several steps have been taken to enhance data quality of morbid-
ity and mortality data and adjust for misclassification.
Nonetheless, the burden of disease of self-harm may still be
under-reported and captured as unintentional injuries.
Collective violence and legal intervention
Globally, battle deaths have declined since 1945 and the number
of interstate conflicts has decreased since 1990 while the peak
of interstate conflicts with more than 1000 battle deaths per
year was in the 1970s with a rapid decline thereafter.34 42 43
However, the Human Security Report showed that in Africa
conflicts and battle deaths have become more numerous in
recent years and often are high-intensity conflicts, causing more
than 10 000 battle deaths a year.43 This increase also resulted in
an increase in battle deaths in certain African countries. GBD
2013 shows that deaths due to collective violence and legal
intervention continued to decline over the 1990–2013 period.15
These findings correspond to the GBD 2013 changes in burden
of disease rates due to collective violence. Deaths do not repre-
sent the total impact of injuries and this is particularly relevant
to collective violence as two-thirds of DALYs are from long-term
disability of past wars, the long tail of long-lasting disabilities
Figure 4 Disability-adjusted life year (DALY) rates by cause of injury, sex and region, ages 50–79 years of injury, sex and region.
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such as amputations. The decline in disability (YLDs) from col-
lective violence has kept pace with the decline in mortality
(YLLs).
Data limitations
Coverage of vital registration is low or absent in large parts of
the world and there are issues of incompleteness and differences
in death certification systems, definitions of variables and
methods of data collection.44–47 For these regions, it was neces-
sary to predict estimates using models, relying on covariates and
verbal autopsy.12 13 We added police and mortuary data for
road injuries, self-harm, and interpersonal violence to help
predict level and age patterns in countries with sparse or absent
cause of death data even though we know from countries with
near-complete vital registration data that police records tend to
underestimate the true level of deaths. GBD uses the largest col-
lection of data on causes of death in the world, allowing us to
use statistical models that can borrow strength over time and
geography. Although this ensures an estimate for all causes and
all countries, estimates for populations and time periods with
sparse or absent data are inherently less precise. While we
attempt to capture all sources of uncertainty from sampling
error, non-sampling error and model specifications in the 95%
UIs, we cannot guarantee that we have captured all
uncertainty.48 49
The lack of nationally representative mortality data in many
low-income and middle-income countries emphasises the need
for investment in vital registration and standardised cause of
death certification. These data are essential to identify and
monitor the effectiveness of injury intervention strategies.
For many countries hospital data collection systems with
national coverage exist but, due to country-specific privacy regu-
lations, the data are not made available or made available in
summary tabulations only. The latter is problematic for injuries
as our analyses make a strict distinction between cause and
nature of injury and therefore requires dual coding of injuries.
Many countries unfortunately record injury hospital admissions
or ED encounters as a haphazard mix of cause and
nature-of-injury codes. Rather than discarding these data sets we
set a low bar for inclusion if at least 45% of cases had a
cause-of-injury code. Although these data inform our estimates
of cause patterns that are scaled up to the total ‘all injury’ inci-
dence, we cannot be sure that the patterns in these small sample
sizes are representative of those at the country level. A clear
Figure 5 Disability-adjusted life year (DALY) rates by cause of injury, sex and region, ages 80 years and above of injury, sex and region.
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recommendation to custodians of hospital data collection
systems is to ensure that all cases of injuries are dual coded.
Data protection regulations and legislation are becoming
more important, and because of that there may be more coun-
tries for which hospital data or other data sources are not made
available. However, it should be noted that for GBD
de-identified data are sufficient.
Besides hospital data collection systems hospital-based trauma
registries have become well established in high-income countries
and are emerging in some low-income and middle-income coun-
tries. WHO has created standardised data sets to be used across
settings to ensure best practice principles and consistent data
collection.50 Application of these guidelines in hospital-based
trauma registries and the development of an international
trauma databank would make it possible to track burden of
disease as well as measure effectiveness of interventions,
conduct intervention trials across settings, and support innov-
ation in prevention and treatment of injury.51 52
For forces of nature and collective violence we retrieved data
from vital registrations as well as data sets that were set up par-
ticularly for the collection of data from armed conflicts and/or
disaster.53 54 Problematic, however, is that war and disaster and
their after-effects may severely disrupt the infrastructure of vital
and health registration systems, complicating collection of data
on morbidity and mortality.55 Postdisaster and war surveys have
been carried out to assess related mortality and injury, yet recall
bias related to acute postdisaster experiences and postdisaster or
postwar migration may hamper the data collection and inter-
pretation of these studies.
Significant methodological differences between GBD 2010
and GBD 2013
To estimate the burden of injury we used a methodology similar to
GBD 2010 but with several significant changes, including changes
with respect to the injury classification. First, the list of external
cause of injury was disaggregated from 15 to 26 categories and the
Figure 6 Percent change in age-standardised all-injury disability-adjusted life year (DALY) rates 1990–2013.
Table 4 Percent change in incidence, YLL and YLD rates by cause of injury with 95% UI, 1990–2013
Cause of injury Change in incidence rate Change in YLD rate Change in YLL rate
Transport injuries −10% (−6% to −12%) −32% (−36% to −27%) −15% (−23% to 8%)
Road injuries −7% (−9% to −3%) −31% (−36% to −26%) −13% (−22% to −7%)
Other transport injuries −23% (−27% to −18%) −35% (−38% to −31%) −36% (−45 to −25%)
Unintentional injuries, not transport −13% (−12% to −14%) −28% (−33% to −23%) −40% (−45% to −29%)
Falls −1% (−3% to 2%) −28% (−35% to −21%) −13% (−35% to 1%)
Drowning −27% (−30% to −25%) −38% (−41% to −234%) −52% (−59% to −12%)
Fire, heat and hot substances −31% (−35% to −27%) −37% (−40% to −34%) −48% (−56% to −33%)
Poisonings −27% (−29% to −26%) −37% (−39% to −34%) −44% (−65% to −35%)
Exposure—mechanical forces −16% (−18% to −14%) −30% (−33% to −27%) −43% (−55% to −12%)
Adverse effects of medical treatment −2% (−3% to 0%) −6% (−7% to −4%) −6% (−24% to 12%)
Animal contact −32% (−34% to −29%) −36% (−39% to −33%) −46% (−56% to −9%)
Foreign body 0% (−1% to 2%) −19% (−23% to −15%) −30% (−45% to 0%)
Other unintentional injuries −3% (−5% to −1%) −16% (−18% to −13%) −33% (−41% to −15%)
Intentional injuries −13% (−11% to −16%) −34% (−39% to −29%) −22% (−29% to −15%)
Self-harm −28% (−29% to −28%) −39% (−42% to −35%) −18% (−33% to −14%)
Interpersonal violence −11% (−14% to −9%) −33% (−37% to −27%) −24% (−24% to −10%)
All Injuries −20% (−25% to −15%) −37% (−45% to −30%) −30% (−34% to −24%)
UI, uncertainty interval; YLD, years lived with disability; YLL, years of life lost.
Haagsma JA, et al. Inj Prev 2016;22:3–18. doi:10.1136/injuryprev-2015-041616 13
Original article
group.bmj.com on June 27, 2016 - Published by http://injuryprevention.bmj.com/Downloaded from 
list of nature of injury was expanded from 23 to 47 categories.
Second, we incorporated additional inpatient and outpatient data
sets from a variety of countries and new follow-up studies with
patient-reported outcome measures from the Netherlands and
China and recent years of Medical Expenditure Panel Survey
(MEPS). Third, patient-reported outcome measurement data were
used to develop a hierarchy to select the most severe injury cat-
egory for patients with multiple natures of injury. Fourth, we
allowed for differing durations of short-term outcomes and prob-
abilities of long-term disability depending on whether an injury
was treated or not. Fifth, we report outcomes by cause-of-injury
category and nature-of-injury category, whereas previously out-
comes were reported by cause of injury only.
Methodological limitations
Nature-of-injury severity hierarchy
To assess issues of correlation between severe natures-of-injury
categories and particular mild nature-of-injury categories, we
developed a nature-of-injuries severity hierarchy. This hierarchy
was used to establish a one-to-one relationship between
cause-of-injury category and nature-of-injury category in an
individual. This means that in a person with multiple injuries
we selected the nature-of-injury category that was likely to be
responsible for the largest burden based on a regression analysis
of seven follow-up studies. Ignoring the injuries with smaller
burden sustained by such individuals may have led to a shift in
estimates from milder to more severe injury categories.
Probability of permanent health loss
The estimation of the probability of long-term health loss due
to a particular nature of injury is a key step in our analysis that
drives the estimation of YLDs from long-term outcomes. The
strategy that was used to determine the probabilities of perman-
ent health loss has several limitations. First, in the GBD 2013
study the probability of long-term injury was based on patient-
reported outcome data from follow-up studies in just three
countries (China, Netherlands and the USA). Second, even
though the total number of cases of the pooled data set was
high, for rare nature of injury codes there were limited cases.
Third, the follow-up studies used different injury classifications
that needed to be mapped into the GBD cause and
nature-of-injury categories and the follow-up studies used differ-
ent patient-reported outcome measures, introducing greater
uncertainty and potential bias in our estimation of disability.56 57
Fourth, for certain outpatient nature-of-injury categories high
probabilities of permanent health loss were observed. An
Figure 7 Percent change in age-standardised road injury disability-adjusted life year (DALY) rates 1990–2013.
Figure 8 Percent change in age-standardised falls disability-adjusted life year (DALY) rates 1990–2013.
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Figure 9 Percent change in age-standardised fire injury disability-adjusted life year (DALY) rates 1990–2013.
Figure 10 Percent change in age-standardised poisoning injury disability-adjusted life year (DALY) rates 1990–2013.
Figure 11 Percent change in age-standardised interpersonal violence disability-adjusted life year (DALY) rates 1990–2013.
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explanation for this may be that cases were misclassified as out-
patients whereas in fact they were treated in an inpatient setting.
The probability of treated long-term outcomes is estimated
via the ratio of the average level of disability 1 year after an
injury relative to the long-term disability weight for each nature
of injury category. Because this ratio incorporates the disability
weights assigned to each nature-of-injury category, the probabil-
ities of long-term outcomes depend strongly on the value of
these disability weights. For GBD 2013 disability weights have
changed, including all injury disability weights. This means that
the probability of long-term outcomes of injuries has changed.
Overall YLDs will only be affected in cases where we observed
100% probability of long-term outcomes. In other cases, higher
probability of long-term results in a higher prevalence of cases
with long-term consequences, but combined with lower disabil-
ity weights this will result in the same overall YLDs.
Furthermore, we used DisMod-MR to stream out prevalence
from incidence and this process assumes a steady state where rates
are not changing over time. This steady state assumption may lead
to inaccurate estimates of prevalence of long-term disability if
there are large trends in incidence rates or mortality. Taking such
trends into account would also require adequate data on the
trends in the mortality risks in people with long-term disabilities
and a new version of DisMod-MR that is under development.
Duration of short-term injury
In GBD 2010, the estimates of short-term duration were based
on limited expert opinion.12 For GBD 2013, we used patient-
reported data for the majority of nature-of-injury categories to
provide a more empirical basis for these estimates. However,
these estimated durations are based on a very limited sample
size and the validity and reliability of these estimated durations
may be affected by response and recall bias. Second, the patient-
reported data were from the Netherlands only, a high-income
country with a high access to quality healthcare and these dura-
tions may not apply to settings with lower-quality care. The dur-
ation of short-term injury in case of untreated injuries was based
on the opinion of GBD injury collaborators.
Health system access and the proportion of untreated cases
To determine the proportion of untreated cases for each
country-year we used a proxy covariate that defines health
system access that is largely based on maternal and child health
indicators. It therefore mostly reflects access to primary care ser-
vices and may not reflect access to trauma services that are
required for injuries. There are variables, such as hospital beds
per 1000 or physician density that may serve as proxy for the
proportion of untreated injury per country-year, but these have
been found to vary wildly over time and between countries
without face validity as an indicator of access to trauma services.
Conclusions
Globally, since 1990, there is a remarkable declining trend in the
rates of DALYs due to injury. The rate of decline was significant for
22 of our 26 cause-of-injury categories, including all the major
ones. The decline in rates for almost all injuries is widespread.
However, the results vary by cause, age group, sex, geography and
over time. These decreases in DALY rates for almost all
cause-of-injury categories warrant a general statement that the
world is becoming a safer place to live in, although the
injury burden remains high in some parts of the world. The
slower decline in incidence rates compared with YLL and YLD
rates suggests that the observed changes are driven by multiple
mechanisms.
The findings from the GBD are a valuable resource for coun-
tries to prioritise major contributors of injury deaths, incidence
and/or DALYs and monitor progress over time. Changes over
time can facilitate in raising hypotheses regarding the underlying
causes. However, there may be a complex set of explanations
relating to primary, secondary and tertiary prevention efforts
and it may be difficult to tease out which measures have yielded
the greatest effect. The GBD will continue to be updated annu-
ally and provide regular updates of the burden of disease at the
national level and, increasingly over time, at the subnational
level for large countries.
What is already known on the subject
Since the 1990s Global Burden of Disease and Injury (GBD)
studies have quantified the important contribution of injury
deaths and disability to the overall burden of disease, by world
regions.
Figure 12 Percent change in age-standardised self-harm disability-adjusted life year (DALY) rates 1990–2013.
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What this study adds
▸ Detailed up-to-date results of injury deaths, incidence and
disability for 21 world regions and 188 countries for 1990 to
2013.
▸ Injuries continue to be an important cause of morbidity and
mortality in the developed and developing world.
▸ Globally, since 1990, there has been a remarkable declining
trend in the rates of disability-adjusted life years of all the
major causes of injury; however, the patterns vary widely by
cause, age, sex, region and time.
▸ The findings from the GBD are a valuable resource for countries
to prioritise injury prevention, monitor progress over time and
raise hypotheses regarding causes of changes over time.
Author affiliations
1Institute for Health Metrics and Evaluation, Seattle, Washington, USA
2Mekelle University, College of Health Sciences, School of Public Health, Mekelle,
Tigray, Ethiopia
3Kilte Awlaelo-Health and Demographic Surveillance Site, Mekelle, Tigray, Ethiopia
4University of Southern California (USC) Family Medicine Residency Program at
California Hospital, a Dignity Health member, Los Angeles, California, USA
5Harvard School of Public Health/Harvard Institute for Global Health, Boston,
Massachusetts, USA
6Kwame Nkrumah University of Science and Technology, Kumasi, Ashanti, Ghana
7Charité Universitätsmedizin, Berlin, Germany
8Ahmadu Bello University, Zaria, Kaduna State, Nigeria
9Ministry of Public Health, Beirut, Lebanon
10Department of Health Policy and Administration, College of Public Health,
University of the Philippines Manila, Manila, Philippines
11Department of Industrial Engineering, Pontificia Universidad Javeriana, Bogota,
Cundinamarca, Colombia
12Madawalabu University, Ethiopia, Bale Goba, Oromia, Ethiopia
13World Bank, Washington DC, USA
14Faculty of Health Sciences and Social Work, Trnava University, Trnava, Slovakia
15Division of Pharmacoepidemiology and Pharmacovigilance, Spanish Medicines and
Healthcare Products Agency (AEMPS), Ministry of Health, Madrid, Spain
16Public Health Foundation of India, New Delhi, India
17Guy’s and St. Thomas’ NHS Foundation Trust, London, UK
18Griffith University, Brisbane, Queensland, Australia
19UNSW Australia, Sydney, Australia
20Department of Preventive and Social Medicine, Dunedin School of Medicine,
University of Otago, Dunedin, New Zealand
21School of Public Health, College of Health, Massey University, Palmerston North,
New Zealand
22University of Peradeniya, Peradeniya, Sri Lanka
23Sydney School of Public Health, University of Sydney, Sydney, New South Wales,
Australia
24National Center for Chronic and Noncommunicable Disease Control and
Prevention, China CDC, Beijing, China
25The Institute of Social and Economic Studies of Population at the Russian
Academy of Sciences, Moscow, Russia
26Federal Research Institute for Health Organization and Informatics of Ministry of
Health of Russian Federation, Moscow, Russia
27Non-Communicable Diseases Research Center, Endocrine and Metabolic Research
Institute, Tehran University of Medical Sciences, Tehran, Iran
28National Institute for Stroke and Applied Neurosciences, AUT University, Auckland,
New Zealand
29James Cook University, Townsville, Queensland, Australia
30Monash University, Melbourne, Victoria, Australia
31University of California in San Francisco, San Francisco, California, USA
32Endocrinology and Metabolism Research Center, Tehran University of Medical
Sciences, Tehran, Iran
33Arabian Gulf University, Manama, Bahrain
34Fundacion Entornos AC, Cuernavaca, Morelos, Mexico
35Central South University, School of Public Health, Changsha, Hunan, China
36Virginia Commonwealth University, Richmond, Virginia, USA
37Tianjin Centers for Diseases Control and Prevention, Tianjin, China
38Jordan University of Science and Technology, Irbid, Jordan
39Health Services Academy, Islamabad, Punjab, Pakistan
40Expanded Programme on Immunization, Islamabad, Punjab, Pakistan
41Oregon Health and Science University, Portland, Oregon, USA
42Rajrajeswari Medical College & Hospital, Bangalore, Karnataka, India
43EMRiS, Health Services Research, University of Sheffield, Sheffield, South Yorkshire,
UK
44SUNY-Albany, Rensselaer, New York, USA
45Aintree University Hospital NHS Foundation Trust, Liverpool, UK
46School of Medicine, University of Liverpool, Liverpool, UK
47Swansea University, Swansea, UK
48Faculty of Health Sciences and Social Work, Department of Public Health, Trnava
University, Trnava, Slovakia
49University of York, York, UK
50South African Medical Research Council, Cape Town, South Africa
51University of Cape Town School of Public Health and Family Medicine, Cape Town,
South Africa
52Pereleman School of Medicine, University of Pennsylvania, Philadelphia,
Pennsylvania, USA
53Children’s Hospital of Philadelphia
54Addis Ababa University, Addis Ababa, Ethiopia
55Pacific Institute for Research & Evaluation, Calverton, Maryland, USA
56Curtin University Centre for Population Health, Perth, Western Australia, Australia
57University of Washington, Seattle, Washington, USA
58Institute of Health and Biomedical Innovation, Queensland University of
Technology, Brisbane, Queensland, Australia
59National Institute of Psychiatry, Mexico City, Distrito Federal, Mexico
60ErasmusMC, Rotterdam, Netherlands
61University of British Columbia, School of Population and Public Health, Vancouver,
British Columbia, Canada
62Sina Trauma and Surgery Research Center, Tehran University of Medical Sciences,
Tehran, Iran
63Suez Canal University, Ismailia, Egypt
64Centre for Research in Environmental Epidemiology (CREAL), Barcelona, Catalonia,
Spain
65BARC Hospital, HBNI University, Mumbai, Maharashtra, India
66Department of Public Health Sciences, Karolinska Institutet, Stockholm, Sweden
67University of Alabama at Birmingham, Birmingham, Alabama, USA
68An-Najah University, Nablus, Palestine
69Tufts Medical Center, Boston, Massachusetts, USA
70Norwegian Institute of Public Health, Oslo, Norway
71Stavanger University Hospital, Stavanger, Norway
72Federal Research Institute for Health Organization and Informatics of Ministry of
Health of the Russian Federation was founded in 1999 by the order of Ministry of
Health of Russia, Moscow, Russia
73University of Cape Town, Cape Town, Western Province, South Africa
74MRC Unit on Anxiety & Stress Disorders, Cape Town, Western Cape, South Africa
75University of California, Irvine, USA
76University of Illinois at Urbana-Champaign, Champaign, Illinois, USA
77IHME, Seattle, Washington, USA
78Memorial University, St. John’s, Newfoundland, Canada
79Auckland University of Technology, Auckland, New Zealand
80Johns Hopkins University, Baltimore, Maryland, USA
81Hanoi Medical University, Hanoi, Vietnam
82UKK Institute for Health Promotion Research, Tampere, Finland
83Higher School of Economics, Moscow, Russia
84Institute of Public Health, University of Gondar, Gondar, Amhara, Ethiopia
85The University of Hong Kong, Hong Kong, China
86National Center of Neurology and Psychiatry, Kodaira, Tokyo, Japan
87Jackson State University, Jackson, Mississippi, USA
88Department of Epidemiology and Biostatistics, School of Public Health, Wuhan,
Hubei, China
89Global Health Institute, Wuhan University, Wuhan, China
90Shanghai Mental Health Center, Shanghai Jiao Tong University School of Medicine
and Department of Psychiatry, Emory University
Twitter Follow Richard Franklin at @Franklin_R_C and Karen Tabb at @professortd
Acknowledgements The authors thank the GBD experts for their contributions on
injuries.
Contributors JH, NG, MN, IB, ECM and TJV prepared the first draft. TJV and CJLM
conceived the study and provided overall guidance. All other authors provided data,
developed models, reviewed results, initiated modelling infrastructure, and/or
reviewed and contributed to the paper.
Funding Article funded by Bill and Melinda Gates Foundation.
Competing interests None declared.
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement In GBD publications and in our online visualisation tools
we allow users to look up the cause of disease or injury, measure at regional,
subregional, country or, for some countries, subnational level that is of interest.
Haagsma JA, et al. Inj Prev 2016;22:3–18. doi:10.1136/injuryprev-2015-041616 17
Original article
group.bmj.com on June 27, 2016 - Published by http://injuryprevention.bmj.com/Downloaded from 
Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
REFERENCES
1 Gordon JE. The epidemiology of accidents. Am J Public Health Nations Health
1949;39:504–15.
2 Bull JP. Measures of severity of injury. Injury 1978;9:184–7.
3 Worldbank. World development report 1993: investing in health. New York: Oxford
University Press, 1993.
4 Murray CJ. Quantifying the burden of disease: the technical basis for
disability-adjusted life years. Bull World Health Organ 1994;72:429–45.
5 Murray CJL, Lopez AD, Mathers CDE. Summary measures of population health:
concepts, ethics, measurement and applications. Geneva: World Health
Organization, 2002.
6 Field MJ, Gold MR. Summarising population health: directions for the development
and application of population health metrics. Washington DC: Institute of Medicine:
National Academy Press, 1998.
7 Murray CJL, Lopez AD. The global burden of disease: a comprehensive assessment
of mortality and disability from diseases, injuries and risk factors in 1990 and
projected to 2020. Cambridge: Harvard University Press, 1996.
8 The global burden of disease: 2004 update. Geneva: World Health Organization,
2008.
9 Peden M, McGee K, Sharma G. The injury chart book: a graphical overview of the
global burden of injuries. Geneva: World Health Organization, 2002.
10 Global health risks: mortality and burden of disease attributable to selected major
risks. Geneva: World Health Organization, 2009.
11 Murray CJ, Vos T, Lozano R, et al. Disability-adjusted life years (DALYs) for 291
diseases and injuries in 21 regions, 1990–2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet 2013;380:2197–223.
12 Vos T, Flaxman AD, Naghavi M, et al. Years lived with disability (YLDs) for 1160
sequelae of 289 diseases and injuries 1990–2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet 2012;380:2163–96.
13 Lozano R, Naghavi M, Foreman K, et al. Global and regional mortality from 235
causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet 2012;380:2095–128.
14 Salomon JA, Vos T, Hogan DR, et al. Common values in assessing health outcomes
from disease and injury: disability weights measurement study for the Global
Burden of Disease Study 2010. Lancet 2012;380:2129–43.
15 GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and
national age-sex specific all-cause and cause-specific mortality for 240 causes of
death, 1990–2013: a systematic analysis for the Global Burden of Disease Study
2013. Lancet 2015;385:117–71.
16 Polinder S, Haagsma JA, Toet H, et al. Epidemiological burden of minor, major and
fatal trauma in a national injury pyramid. Br J Surg 2012;99(Suppl 1):114–21.
17 Global status report on road safety: supporting a decade of action. Geneva: World
Health Organization, 2013.
18 Ameratunga S, Hijar M, Norton R. Road-traffic injuries: confronting disparities to
address a global-health problem. Lancet 2006;367:1533–40.
19 Chandran A, Sousa TR, Guo Y, et al. Vida No Transito Evaluation Team. Road traffic
deaths in Brazil: rising trends in pedestrian and motorcycle occupant deaths. Traffic
Inj Prev 2012;13(Suppl 1):11–16.
20 Naghavi M, Shahraz S, Bhalla K, et al. Adverse health outcomes of road traffic
injuries in Iran after rapid motorization. Arch Iran Med 2009;12:284–94.
21 Luoma J, Sivak M. Road safety management in Brazil, Russia, India and China. Ann
Arbor: University of Michigan Transportation Research Institute, 2012.
22 Hyder AA, Vecino-Ortiz AI. BRICS: opportunities to improve road safety. Bull World
Health Organ 2014;92:423–8.
23 Bishai D, Quresh A, James P, et al. National road casualties and economic
development. Health Econ 2006;15:65–81.
24 Global status report on road safety survey: time for action. Geneva: World Health
Organization, 2009.
25 Cummings P, Rivara FP, Olson CM, et al. Changes in traffic crash mortality rates
attributed to use of alcohol, or lack of a seat belt, air bag, motorcycle helmet, or
bicycle helmet, United States, 1982–2001. Inj Prev 2006;12:148–54.
26 UNODC global study on Homicide 2013. United Nations Publication, 2014.
27 Global status report on violence prevention 2014. World Health Organization,
2014.
28 Injuries in the European Union, Report on injury statistics 2008–2010. Amsterdam:
EuroSafe, 2013.
29 Murray J, Cerqueira DR, Kahn T. Crime and violence in Brazil: systematic review of
time trends, prevalence rates and risk factors. Aggress Violent Behav
2013;18:471–83.
30 Krug EG, Dahlberg LL, Mercy JA, et al. World report on violence and health. World
Health Organization, 2002.
31 Briceno-Leon R. [Understanding homicides in Latin America: poverty or
institutionalization?]. Cien Saude Colet 2012;17:3159–70.
32 Briceno-Leon R, Villaveces A, Concha-Eastman A. Understanding the uneven
distribution of the incidence of homicide in Latin America. Int J Epidemiol
2008;37:751–7.
33 Norman R, Schneider M, Bradshaw D, et al. Interpersonal violence: an important
risk factor for disease and injury in South Africa. Popul Health Metr 2010;8:32.
34 Pinker S. The better angels of our nature. New York: Viking, 2011.
35 Shoemaker R. Male honour and the decline of public violence in eighteenth-century
London. Soc Hist 2010;26:190–208.
36 Preventing suicide: a global imperative. World Health Organization, 2014.
37 Bertolote JM, Fleischmann A. Suicide and psychiatric diagnosis: a worldwide
perspective. World Psychiatry 2002;1:181–5.
38 Chang SS, Stuckler D, Yip P, et al. Impact of 2008 global economic crisis on
suicide: time trend study in 54 countries. BMJ 2013;347:f5239.
39 Nordt C, Warnke I, Seifritz E, et al. Modelling suicide and unemployment:
a longitudinal analysis covering 63 countries, 2000–11. Lancet Psychiatry
2015;2:239–45.
40 Wang CW, Chan CL, Yip PS. Suicide rates in China from 2002 to 2011: an update.
Soc Psychiatry Psychiatr Epidemiol 2014;49:929–41.
41 Badiye A, Kapoor N, Ahmed S. An empirical analysis of suicidal death trends in
India: a 5 year retrospective study. J Forensic Leg Med 2014;27:29–34.
42 Lacina B, Gleditsch NP. Monitoring trends in global combat: a new dataset of battle
deaths. Eur J Popul 2005;21:145–66.
43 Human Security Report Project. Human security report 2013: the decline in global
violence: evidence, explanation, and contestation. Vancouver, 2013.
44 Mahapatra P, Shibuya K, Lopez AD, et al. Civil registration systems and vital
statistics: successes and missed opportunities. Lancet 2007;370:1653–63.
45 Joubert J, Rao C, Bradshaw D, et al. Characteristics, availability and uses of vital
registration and other mortality data sources in post-democracy South Africa. Glob
Health Action 2012;5:1–19.
46 Obermeyer Z, Rajaratnam JK, Park CH, et al. Measuring adult mortality using sibling
survival: a new analytical method and new results for 44 countries, 1974–2006.
PLoS Med 2010;7:e1000260.
47 Setel PW, Macfarlane SB, Szreter S, et al. A scandal of invisibility: making everyone
count by counting everyone. Lancet 2007;370:1569–77.
48 Mathers CD, Salomon JA, Ezzati M, et al. Sensitivity and uncertainty analyses
for burden of disease and risk factor estimates. In: Lopez AD, Mathers CD,
Ezzati M, et al, eds. Global burden of disease and risk factors. Oxford press,
New York, 2006:399–426.
49 Byass P, de Courten M, Graham WJ, et al. Reflections on the global burden of
disease 2010 estimates. PLoS Med 2013;10:e1001477.
50 Mock C, Juillard C, Brundage S, et al. Guidelines for trauma quality improvement
programmes. Geneva: World Health Organization, 2008.
51 American College of Surgeons. National Trauma Data Bank. Chicago, IL. 2015.
https://www.facs.org/quality-programs/trauma/ntdb. Accessed February 2015.
52 Panamerican Trauma Society. Panamerican Trauma Registry. http://www.
panamtrauma.org/page-1197409#TR. Accessed February 2015.
53 International Institute for Strategic Studies. Armed Conflict Database. London, UK:
International Institute for Strategic Studies. https://acd.iiss.org/https://acd.iiss.org/
54 Gleditsch NP, Wallensteen P, Eriksson M, et al. Armed conflict 1946–2001: a new
dataset. J Peace Res 2002;39:615–37.
55 Obermeyer Z, Murray CJ, Gakidou E. Fifty years of violent war deaths from Vietnam
to Bosnia: analysis of data from the world health survey programme. BMJ
2008;336:1482–6.
56 Sullivan PW, Ghushchyan V. Mapping the EQ-5D index from the SF-12: US general
population preferences in a nationally representative sample. Med Decis Making
2006;26:401–9.
57 Polinder S, Haagsma JA, Belt E, et al. A systematic review of studies measuring
health-related quality of life of general injury populations. BMC Public Health
2010;10:783.
18 Haagsma JA, et al. Inj Prev 2016;22:3–18. doi:10.1136/injuryprev-2015-041616
Original article
group.bmj.com on June 27, 2016 - Published by http://injuryprevention.bmj.com/Downloaded from 
Disease study 2013
time trends from the Global Burden of
mortality, disability-adjusted life years and 
The global burden of injury: incidence,
Balalla and Michael R Phillips
Z Younis, Chuanhua Yu, Christopher J L Murray, Theo Vos, Shivanthi 
MustafaSolomon Meseret Woldeyohannes, Paul Yip, Naohiro Yonemoto, 
Tommi J Vasankari, Monica S Vavilala, Vasiliy Victorovich Vlassov,
Temesgen, Eric Yeboah Tenkorang, Alice M Theadom, Bach Xuan Tran, 
Soshnikov, Dan J Stein, Bryan L Sykes, Karen M Tabb, Awoke Misganaw
Amira Shaheen, Saeid Shahraz, Vegard Skirbekk, Kjetil Søreide, Sergey 
Amany Refaat, David Rojas-Rueda, Nobhojit Roy, David C Schwebel,
Orozco, Suzanne Polinder, Farshad Pourmalek, Vafa Rahimi-Movaghar, 
Mekonnen, Ted R Miller, Charles N Mock, Rosana E Norman, Ricardo
Mason-Jones, Richard Matzopoulos, Peter A Meaney, Wubegzier 
Raimundas Lunevicius, Ronan Anthony Lyons, Marek Majdan, Amanda J
Sanjay Krishnaswami, Chanda Kulkarni, Fiona E Lecky, Ricky Leung, 
P Jayaraman, Guohong Jiang, Yousef Saleh Khader, Ejaz Ahmad Khan,
Hafezi-Nejad, Randah Ribhi Hamadeh, Martha Hijar, Guoqing Hu, Sudha 
Richard C Franklin, Belinda Gabbe, Richard A Gosselin, Nima
Duan, Sergey Petrovich Ermakov, Farshad Farzadfar, Valery L Feigin, 
Degenhardt, Sarah Derrett, Samath D Dharmaratne, Tim R Driscoll, Leilei
Dandona, Rakhi Dandona, Paul I Dargan, Diego De Leo, Louisa 
Bekele, Dipan Bose, Alexandra Brazinova, Ferrán Catalá-López, Lalit
Ameh, Walid Ammar, Carl Abelardo T Antonio, Lope H Barrero, Tolesa 
Puthenpurakal Abraham, Koranteng Adofo, Ubai Alsharif, Emmanuel A
Hideki Higashi, Erin C Mullany, Semaw Ferede Abera, Jerry 
Juanita A Haagsma, Nicholas Graetz, Ian Bolliger, Mohsen Naghavi,
doi: 10.1136/injuryprev-2015-041616
2016 22: 3-18 originally published online December 3, 2015Inj Prev 
 http://injuryprevention.bmj.com/content/22/1/3
Updated information and services can be found at: 
These include:
Material
Supplementary
 2015-041616.DC1.html
http://injuryprevention.bmj.com/content/suppl/2015/10/20/injuryprev-
 2015-041616.DC2.html
http://injuryprevention.bmj.com/content/suppl/2015/12/03/injuryprev-
Supplementary material can be found at: 
References
 #BIBLhttp://injuryprevention.bmj.com/content/22/1/3
This article cites 35 articles, 6 of which you can access for free at: 
http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:
http://journals.bmj.com/cgi/reprintform
To order reprints go to:
http://group.bmj.com/subscribe/
To subscribe to BMJ go to:
group.bmj.com on June 27, 2016 - Published by http://injuryprevention.bmj.com/Downloaded from 
Open Access
http://creativecommons.org/licenses/by-nc/4.0/non-commercial. See: 
provided the original work is properly cited and the use is
non-commercially, and license their derivative works on different terms, 
permits others to distribute, remix, adapt, build upon this work
Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
This is an Open Access article distributed in accordance with the Creative
service
Email alerting
box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the
Collections
Topic Articles on similar topics can be found in the following collections 
 (839)Epidemiologic studies
 (31)Press releases
 (59)Open access
Notes
http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:
http://journals.bmj.com/cgi/reprintform
To order reprints go to:
http://group.bmj.com/subscribe/
To subscribe to BMJ go to:
group.bmj.com on June 27, 2016 - Published by http://injuryprevention.bmj.com/Downloaded from 
